Objective: A majority of minor oral surgical procedures require the use of local anaesthetics containing vasoconstrictors as part of the composition. These vasoconstrictors cause some hemodynamic changes either by direct action on the cardiac muscle or by stimulation of the autonomic innervations of the heart. Depending on the concentration of the vasoconstrictor, an increased heart rate, increased force of cardiac contraction, and ultimately increased blood pressure may ensue. The aim of this study was to assess the effect of vasoconstrictors contained in local anaesthetics on arterial blood pressure during minor oral surgical procedures. Material and Methods: This was a one year prospective, randomized, comparative study involving the assessment of blood pressure and pulse rate by using an electronic digital blood pressure monitoring device amongst consenting patients who were referred for tooth extraction. The potential research participants were randomly allocated into either the study or the control group. The study group was treated using 2% lignocaine with 1:80,000 epinephrine, while the control was treated using 2% plain lignocaine (without epinephrine). Normal or controlled-hypertensive patients between the ages of 18 to 55 years were enrolled into the study. Results: A total of 100 subjects with a mean age of 34.66±10.3 years participated in the study. There was no statistically significant difference in blood pressure and pulse rate between the patients in both the study group and control group. Conclusion: Optimal use of adrenaline-containing local anaesthetic does not cause a statistically significant increase in blood pressure or pulse rate.
Introduction
Minor oral surgery is a broad term referring to outpatient surgical procedures of the oral cavity and jaws that can be performed safely and comfortably under general anaesthesia, local anaesthesia, or intravenous sedation.
1, 2 It includes procedures that are well tolerated under local anaesthesia, such as surgical disimpaction of third molars, biopsies, frenectomies, reduction and immobilization of fractures. The currently used local anaesthetic agents consist vasoconstrictor as part of the composition to improve the biological properties of the solution. 3 Of these vasoconstrictors, adrenaline is the most frequently used and its desirable properties include hemostasis, increased depth and duration of anaesthesia, decreased systemic absorption, decreased dose of anaesthetic agent required and, subsequently, reduced toxicity.
4-7 These vasoconstrictors cause some hemodynamic changes which may be either by direct action on the cardiac muscle or by stimulation of the autonomic innervations of the heart. These effects may cause, depending on the concentration of the vasoconstrictor, an increased heart rate, increased force of cardiac contraction and, ultimately, increased blood pressure. 8 However, the occurrence of most adverse reactions is due to inappropriate high dose and accidental injection into the vasculature.
9,10
A handful of studies have been published on the hemodynamic changes following administration of vasoconstrictor-containing local anaesthetics. The results of these studies are mixed. However, only a few of these studies were from produced by Nigerian authors. Furthermore, the prevalence of hypertension in patients with oral diseases is increasing in Nigeria, 11,12 which indirectly means that many hypertensive patients will require routine dental procedures under local anaesthesia. Therefore, there is need for more studies to determine the association between the vasoconstrictor (adrenaline) and blood pressure in the perioperative period in Nigerians.
The aim of this study was to assess the effect of a vasoconstrictor contained in local anaesthetics on arterial blood pressure during minor oral surgical procedures. The objective of the study was to determine the changes in Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), and pulse rate following administration of adrenalinecontaining local anaesthesia.
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Material and Methods
This was a prospective, randomized, comparative study involving the assessment of blood pressure and pulse rate changes that may occur following administration of local anaesthetic agent containing vasoconstrictor (epinephrine) during routine socket extraction of teeth at the Aminu Kano Teaching Hospital, Kano, over a period of one year. The potential research participants were randomly allocated into either the study or the control group. The study group was treated using 2% lignocaine with 1:80,000 epinephrine, while the control was treated using 2% lignocaine without epinephrine. The consenting study participants were in the age group of 18 to 55 years with normal or controlled blood pressure and were referred for tooth extraction at the Oral Surgery Clinic.
Ethical approval was obtained from the Research ethics review committee of Aminu Kano Teaching Hospital before the commencement of the study. The following categories of patients were excluded from the study; patients who met the inclusion criteria for minor oral surgical procedures but do not consent to participating in the study, patients with blood pressure > 140/90mmHg, patients whose anxiety scores were high or very high, patients with systemic illness (e.g. thyrotoxicosis, uncontrolled diabetes mellitus), patients on medications like non-selective beta blockers, tricyclic antidepressants and phenothiazines, patients who were receiving treatment for psychiatric illness or suffering from any form of mental retardation.
Instruments of Measurement; Anxiety scale: numerical linear scale with zero being the lowest (no anxiety at all) and hundred being the highest score (the worst possible anxiety) was used to subjectively score the patients' anxiety level. Zero to twenty was translated as "low, " twenty-one to forty as "medium, " forty-one to sixty as "moderate, " sixtyone to eighty as "high, " and eighty one to hundred as "very high. " Patients were asked to indicate a number on the linear scale that best described their anxiety for the dental extraction. Patients with high and very high anxiety scores were excluded from the study.
Blood pressure measuring device: a precalibrated non-invasive electronic digital blood pressure measuring device (EchoMax Plus® manufactured by Hubdic Co. Ltd Korea) was used for recording both the blood pressure and pulse rate of the patients. Study protocol; the study and its procedures, including potential complications were explained to the participants, following which the informed consent documents were signed. The informed consent documents were translated and administered in the local language for non english speaking potential study participants. Potential study participants were then randomly allocated into either study or control group using simple random sampling (ballot method). The anxiety level was scored using a linear numerical scale with a score of zero to hundred. Participants with high and very high anxiety scores were excluded from the study. Baseline blood pressure and pulse rate of participants were measured 5 minutes before the administration of local anaesthesia. A maximum of two cartridges of the local anaesthetic (2% lignocaine with 1:80,000 epinephrine) were given for each participant in the study group. A similar quantity of non-epinephrine containing 2% lignocaine was also administered to the control group. Aspirating dental syringe was used in both the study and control groups to avoid inadvertent intravascular injection. Participants requiring more than two cartridges for the procedure were dropped out of the study. The injection technique was dependent on the type of procedure to be performed and the anatomical site, whether maxillary or mandibular.
Blood pressure and pulse rate were checked and recorded 5 minutes after the local anaesthetic injection but before the onset of procedure; then another measurement was taken 2 minutes after commencing the procedure. Final recording of blood pressure and pulse rate was done 15 and 30 minutes after the procedure using a pre-calibrated digital blood pressure monitor. Blood pressure and pulse rate were measured twice at each instance and the average reading was recorded. Emergency medical kit was made available to manage emergencies that might arise. Patients were discharged after the procedure. Measurements of the blood pressure and pulse rates were done by the calibrated primary investigator.
Data analysis was performed using Statistical Package for Social Sciences Version 21.0 for Windows 7 (SPSS Inc. Chicago, IL, USA). A paired t-test was used for repeated measures in the same group while independent t-test was used to determine intergroup differences. Multivariate logistic regression was done to determine the influence of socio-demographic variables, anxiety level, number of cartridges used and injection technique on the outcome of the study. A confidence interval of 95% was used in this study and a p-value of less than 0.05 was considered significant.
Results
All the selected participants agreed and consented to participate in the study, giving a response rate of 100%. None of the participants required more than two cartridges of local anaesthetics. Therefore, no patients were dropped out of the study.
Socio demographic data; a total of 100 subjects aged between 18 and 55 years participated in the study. The mean age of all the participants was 34.66±10.3 years. There was no statistically significant difference in the mean age of respondents in the each group (p=0.367). Mean age in the study group (vasoconstrictor group) was 33.72±9.8 years and the control group (without vasoconstrictor) was 35.60±10.9 years table 1. Study participants consisted of 39 (39%) males and 61 (61%) females. There were 20 (40%) males and 30 (60%) females in the study group, while the control group consisted of 19 (38%) males and 31 (62%) females table 2. Occupation of the participants was also fairly balanced as there were 19 (38%) civil servants in the study group and 17 (34%) in the control group that made up the largest percentage. This is followed by traders in which there were 10 (20%) in the study group and 11 (22%) in the control group. There were students 4 (8%) in the study group and 11 (22%) in the control group table 2. The major ethnic group amongst the participants was Hausa with 36 (72%) and 40 (80%) in the study and control groups, respectively. Other ethnic groups that participated in the study, in order of decreasing frequency, were Yoruba, Fulani and Ibo figure 1 and figure 2 .
There was no statistically significant difference when the study and control groups were matched for gender, occupation, and ethnicity figure 1, figure 2 and table 2.
Pre-anaesthetic data; No statistically significant difference in the history of hypertension between the two groups (p=0.817) with a frequency of 12 (24%) and 13 (20%) in the study and control groups, respectively. The number of local anaesthetic cartridges used, and injection techniques were not statistically significant amongst the two groups with p-values of (0.155 and 0.305), respectively. However, there was statistically significant difference in terms of the level of anxiety between the two groups with a higher percentage of participants in the control group recording medium and moderate levels of anxiety (p-value=0.004) table 3.
Baseline hemodynamic data; the mean SBP before local anaesthesia in all the participants was 126.19±10.9 mmHg, with a mean of 126.80±11.4 mmHg in the study group and 125.58±10.5 in the control group. The mean DBP of all participants before local anaesthesia was 73.87±10.9 mmHg with a mean of 74.32±10.9 mmHg in the study group and 73.42±11.0 mmHg in the control group. The mean pulse rate of all the participants before local anaesthesia was 88.11±16.5 bpm with a mean value of 89.86±17.7 bpm in the study group and 86.36±15.2 bpm in the control group table 4. Hemodynamic relationships of the study and control group; the hemodynamic relationship between the study and control group at different time intervals is detailed in tables 4-8. There was no statistically significant difference between the two groups at all intervals. However, the highest variation found in the blood pressure was during the procedure in which there was increase in both the mean systolic and DBP in the control group table 6 . The different pattern in mean SBP in the two groups is depicted in figure 1 . There was a slight decrease in the mean SBP from the baseline value of 126.80 mmHg to 125.36 mmHg in the study group, and from 125.58 mmHg to 122.98 mmHg in the control group, 5 minutes after local anaesthetic injection. After this decrease, there was an increase in the mean SBP to about 126.78 mmHg and 130.88 mmHg in the study and control groups respectively (the rise was sharper in the control group than in the study group). The mean SBP dropped down to near pre-local anaesthetic level in both groups after about 30 minutes. The mean DBP also followed the same pattern of fluctuation. It decreased from the baseline value of 74.32 mmHg to 71.36 mmHg in the study group, and from 73.42 mmHg to 69.90 mmHg in the control group. There was a remarkable upsurge from the post-anaesthetic value to about 78.12 mmHg in the control group. The values in both groups also came to near pre-anaesthetic reading in about 30 minutes figure 2. The pulse rate also showed a constant pattern of higher value in the study group as compared to the control group at all intervals. Furthermore, there was clear depiction of physiological response to decrease in pulse rate by increase in blood pressure figure 3. Upon analysis using multivariate logistic regression model, none of the parameters was found to be an independent predictor of difference in the BP and PR between the study and control groups table 9.
Discussion
Majority of minor oral surgical procedures require the use of local anaesthetics.
5, 6 The composition of local anaesthetic agents consist of a vasoconstrictor Figure 5 Comparison of pulse rate between study and control groups 
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to improve the biological properties of the solution which may be either adrenergic agonist or felypressin. 3 Adrenaline is the most frequently used vasoconstrictor in daily dental practice to achieve the desired anaesthetic properties, including hemostasis, increased depth and duration of anaesthesia, decreased systemic absorption, decreased dose of anaesthetic agent required and subsequently reduced toxicity.
4-7
Vasoconstrictors can cause some hemodynamic changes either by direct action on the cardiac muscle or by stimulation of the autonomic innervations of the heart. These may cause, depending on the concentration of the vasoconstrictor, an increased heart rate, increased force of cardiac contraction and ultimately increased blood pressure. 8 However, the occurrence of most adverse reactions is usually due to inappropriate high dose injection and accidental injection into the vasculature.
9, 10 Many authors concluded that adrenaline has a safety range but its threshold in cardiovascular patients is not yet clear.
13, 14 However, controversies still exist as regards the concentration of adrenaline in local anaesthetic solutions and its mode of usage. 16 Furthermore, the fact that adrenaline is a vasopressor agent can explain why it is potentially implicated as the causative agent in certain clinical situations of hypertension encountered in the dental office.
15, 16 Hypertensive patients represent an important risk group among patients visiting the dental clinic as many of them give a history of high blood pressure.
15 This is more so in an underdeveloped economy, like Nigeria, where routine medical check-ups are not done and many individuals do not know whether they are hypertensive or not. It, therefore, becomes important to check blood pressure of dental patients routinely.
The age of the patients that participated in this study differed from those that participated in the study conducted by Ogunlewe et al. (50.1±11.7) but similar to Mohammed et al. 18 (35.45±7.99) study included only hypertensive patients with the likelihood of having more hypertensive patients among the middle age and elderly group.
17
The gender of the participants in our study had some similarities and differences to the previously conducted studies. In our study there was a slightly higher female to male ratio of about 1.5:1.
A higher female to male ratio was reported by Gungormuset et al. 4 with a female to male ratio of about 2:1. However, different findings were reported by Mohammed et al. 18 and Marcelo et al. 19 with a female to male ratio of about 1:1. The higher ratio female to male in our study may be because, traditionally, females have low pain threshold compared to males and they tend to seek medical attention more than their male counterparts.
Our study showed no statistically significant changes in the SBP, DBP and PR following administration of 2% lignocaine with 1: 80,000 epinephrine. This is similar to reports by Gungormus et al., 4 Chaudary et al. 20 Ogunlewe et al. 17 and de Morais et al. 21 On the other hand, Mohammad et al.
18
reported a statistically significant difference in all the three hemodynamic parameters (SBP, DBP & PR) after administration of one cartridge of 2% lignocaine with 1:80,000 adrenaline. Study used different anaesthetic agents for study and control groups (2% lignocaine + 1:80,000 adrenaline and 3% mepivacaine respectively). This may be a source of bias and unequal comparison in the groups, especially because confounders, like anxiety, were not recorded.
A slight decrease in mean SBP was observed in the present study after local anaesthetic administration. The decrease was more in the control group than in the study group. Similar finding was observed by Chaudary et al. 17 They reported a decrease in SBP after a local anaesthetic agent containing adrenaline was injected in patients with stage 2 hypertension undergoing tooth extraction. This is, however, is contrary to the observations of Akinmoladun et al., 22 Nedal et al., 23 and Ogunlewe et al. 24 The latter reported slight increase in the mean SBP after administration of local anaesthetic agent containing adrenaline administration. Nedal et al.
23
conducted their study using three local anaesthetic agents with different concentrations of adrenaline (2% lignocaine with 1:80.000 epinephrine, 4% articaine with 1: 100.000 epinephrine and 4% articaine with 1: 200.000 epinephrine). Hemodynamic parameters were measured 3 minutes before local aneasthetic, 3 minutes after LA, and 3 minutes after extraction. They reported a significant increase in SBP 3 minutes after local anaesthetic administration in the group treated using 2% lignocaine with 1:80.000 epinephrine. The decrease in SBP after local anaesthetic administration observed in our study could be explained in two ways. First, given that lignocaine is a potent vasodilator; its vasodilator effect may take precedence over the vasoconstrictor effect of the adrenaline. This may further explain why the reduction is more pronounced in the group treated with plain lignocaine. Secondly, the anxiety associated with an intra-oral injection resulting in slightly elevated baseline blood pressure is eliminated as soon as the injection is given which, consequently, may reduce the blood pressure. Lastly, the pain that might have been the indication for the tooth extraction, which could also trigger endogenous catecholamine release, was abated as soon as the local anaesthetic agent takes effect.
There was a pronounced increase in SBP in those patients whose minor surgical procedure was done using plain lignocaine. Plain lignocaine is considered to possess less depth and duration of action when compared to adrenaline containing ligno caine HCl. This may result in poor pain control with pain-induced release of endogenous catechol-amines which may lead to elevated blood pressure.
27 On the other hand, the vasoconstrictor group (study group) did not exhibit remarkable change in blood pressure possibly due to profound anaesthesia which eliminates the physiological response of releasing the endogenous catecholamines to pain and stress. Our study observed that anxiety and socio demographic variables cannot predict the change in blood pressure or pulse rate when we considered the use of vasoconstrictor or lack of it in the local anaesthetic agent. The pulse rate slightly increased after the local anaestheti administration, it then continued to decrease during the procedure until it reached a value below the preanaesthetic level 15 minutes after the procedure. It then rose to almost pre-anaesthetic value 30 minutes after the procedure. It is generally accepted that the pulse rate increases when there is a decrease in blood pressure and vice versa. This study observed a similar pattern, as there was an increase in pulse rate 5 minutes after the local anaesthetic administration which corresponded to the time when both the SBP and DBP had decreased and there was decrease in pulse rate during the procedure which also corresponded to when both the SBP and DBP had increased.
Conclusion
The use of adrenaline-containing local anaesthetics is more favourable to the hemodynamic variables, both in controlled hypertensive and normotensive patients, than the plain local anaesthetics due to their lack of adverse effects on blood pressure and pulse rate as well as more effective pain control during the procedure.
